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ILD STACK WITH IMPROVED CMP RESULTS 

FIELD OF THE INVENTION 

001 This invention generally relates to semiconductor processing 
methods including formation of metallization plugs and more 
particularly to an ILD stack and method for forming the same to 
with improved CMP thickness control and reduced metal residue 
following plug formation process. 

BACKGROUND OF THE INVENTION 

002 Metallization interconnects are critical to the proper 
electronic function of semiconductor devices. Several advances 
in semiconductor processing have been aimed at improving signal 
transport speed by reducing metal interconnect resistivities and 
improving resistance to electromigration effects. Copper has 
increasingly become a metal of choice in, for example, upper 
levels of metallization in a multi-level semiconductor device due 
to its low resistivity and higher resistance to electromigration. 
Tungsten (W) , however, n is still preferred for use in the lower 
metallization layers adjacent to the silicon substrate since it 
provides an effective diffusion barrier to metal diffusion from 
overlying metallization layers to react with the silicon 
substrate. Tungsten further has high resistance to 
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electromigration and can effectively be used to fill high aspect 
ratio vias by chemical vapor deposition (CVD) processes. 

003 According to prior art processes, an oxide layer, referred to 
as a first layer oxide or an inter-layer dielectric (ILD) is 
deposited following forming of CMOS transistors with protruding 
polysilicon gate electrodes. The first ILD layer fills the gaps 
between the polysilicon electrodes, followed by a CMP process to 
planarize the layer prior to forming tungsten plugs. Problems 
with prior art processes include the practice of using a doped 
oxide, for example doped with phosphorous or boron to provide a 
binary glass which improved the dielectric properties and which 
be heated and flowed following deposition to improved the 
topography planarity of the surface. Problems with using binary 
glasses is that they are frequently much softer than Si02 and 
have a high removal rate in a CMP process thereby making control 
of a final thickness of the first ILD layer including tungsten 
plugs difficult to control. 

004 Therefore, there is a need in the semiconductor processing 
art to develop an improved ILD layer stack to maintain the 
advantages of doped oxide binary glasses while improving a 
structural stability including improved CMP thickness control. 
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005 It is therefore an object of the invention to provide an 
improved ILD layer stack to maintain the advantages of doped 
oxide binary glasses while improving a structural stability 
including improved CMP thickness control, while overcoming other 
shortcomings of the prior art . 

SUMMARY OF THE INVENTION 

006 To achieve the foregoing and other objects, and in accordance 
with the purposes of the present invention, as embodied and 
broadly described herein, the present invention provides an ILD 
dielectric layer stack and method for forming the same to allow 
improved control over thickness and reduced metallic residue. 

007 In a first embodiment, the method includes providing a 
semiconductor substrate including CMOS transistors including gate 
electrode portions; depositing a first layer including 
phosphorous doped Si02 over the semiconductor substrate to a 
thickness sufficient to fully cover the gate electrode portions 
including intervening gaps; depositing a second layer of undoped 
Si02 over and contacting the first layer to a thickness 
sufficient to leave a second layer thickness portion overlying 
the first layer following a subsequent oxide chemical mechanical 
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polish (CMP) planarization process; carrying out the oxide CMP 
process to planar ize the second layer and leave the second layer 
thickness portion; and, forming metal filled local interconnects 
extending through a thickness portion of the first and second 
layers . 

008 These and other embodiments, aspects and features of the 
invention will be better understood from a detailed description 
of the preferred embodiments of the invention which are further 
described below in conjunction with the accompanying Figures. 

BRIEF DESCRIPTION OF THE DRAWINGS 

009 Figures lA-lE are cross sectional side view representations 
of a portion of a semiconductor wafer at stages in device 
manufacture according to the method of the present invention. 

0010 Figure 2 is a process flow diagram including several 
embodiments of the present invention. 
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DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

0011 Although the method of the present invention is explained by 
reference to formation of a first ILD layer, it will be 
appreciated that the process may be equally applied to subsequent 
overlying ILD layers including a tungsten plug formation process. 

0012 Referring to Figures lA-lE, in an exemplary embodiment of 
the method of the present invention, side view portions of a 
semiconductor device are shown at stages in a semiconductor 
device integrated circuit manufacturing process- Referring to 
Figure lA, is shown a conventional semiconductor substrate 12, 
for example silicon, including CMOS transistors 14A and 14B with 
protruding polysilicon gate electrode portions, e.g., 14C and 
including adjacent source and drain regions e.g., 15A and 153, as 
well as shallow trench isolation (STI) structures e.g., 16A 16B, 
and 16C, all formed by conventional processes. 

0013 Still referring to Figure lA, a layer of silicon nitride 18 
is deposited by conventional processes, for example LPCVD over 
active regions of the device to protect the CMOS transistor 
features and semiconductor substrate surface from diffusion of 
dopants included in a subsequently deposited overlying first ILD 
layer, also referred to as a local interconnect (LI) dielectric. 
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0014 Referring to Figure IB, following deposition of the silicon 
nitride layer 18, according to an aspect of the present 
invention, a first layer 20A of an ILD layer stack is deposited 
to a thickness at least thick enough to cover a height of the 
protruding polysilicon electrode gate portions e.g., 14C and fill 
intervening gaps between CMOS transistors 14A and 14B. 
Preferably, the first ILD layer 20A is deposited to a thickness 
of between about 4000 Angstroms and about 6000 Angstroms, more 
preferably about 5500 Angstroms to fill the gaps between 
protruding polysilicon electrodes e.g., 14C of the CMOS 
transistors e.g., 14A and 14B. Preferably, the first ILD layer 
portion 20A is formed of a phosphorous doped Si02 according to a 
conventional HDP-CVD process using phosphine {PH3) or TMP, more 
preferably PH3, at a temperature of about 550 ^C to about 650 °C 
to form phosphosilicate glass (PSG) . Preferably, the PSG layer 
has a phosphorous doping level of about 2.5 weight % to about 4.5 
weight % of phosphorous, more preferably from about 3 . 0 to about 
4.0 weight % phosphorous. 

0015 Referring to Figure IC, according to another aspect of the 
present invention, a second ILD layer 2 OB of the ILD stack, 
formed of undoped SiOs is deposited over the first ILD layer (PSG 
layer) at a thickness such that a subsequent CMP planarization 
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process leaves from about 500 Angstroms to about 1000 Angstroms 
of the second ILD layer 2 OB. 

0016 For example, the thickness of the second ILD layer 20B is 
preferably between about 4000 Angstroms to about 6000 Angstroms. 
The second ILD layer 2 OB is preferably formed in- situ by an HDP- 
CVD process where the phosphorous precursor flow, e.g., PH3 is 
stopped to formed undoped silicate glass (USG) , but may be formed 
in a separate PECVD process using silane and oxygen precursor or 
TEOS precursors to respectively form PEOX and PETEOS Oxide. 

0017 Referring to Figure ID, according to another aspect of the 
present invention, following deposition of the capping USG layer 
20B, a conventional CMP oxide process is carried out to remove 
the USG layer 20B to leave from about 500 Angstroms to about 1000 
Angstroms of the USG layer 2 OB remaining overlying the PSG layer 
20A. 

0018 Referring to Figure IE, conventional processes including 
photolithographically patterning and RIE etching the ILD layer 
stack including layers 2 OA and 2 OB is carried out to form 
trenches followed by deposition of a barrier layer e.g., Ti/TiN 
(not shown) , and sputter deposition of tungsten (W) to fill the 
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trenches to form local interconnects e.g., 22A, 22B, 22C, and 
22D. Following deposition of the tungsten metal filling layer, a 
conventional W CMP process including an optional oxide buffing 
process is carried out to polish the tungsten back to expose the 
USG layer 2 OB. 

0019 Following the W CMP process, a batch wafer cleaning process 
is carried out. For example, the batch wafer cleaning process 
includes dipping a plurality, or batch of process wafers in an HF 
containing solution, for example, including about 5 wt . % to 
about 1.5 wt. % of 99.99% HF in deionized water with respect to a 
cleaning solution volume. 

0020 According to the present invention, the various and numerous 
advantages realized over prior art processes include better 
control over an ILD layer thickness following the CMP process 
while realizing the advantages of superior gap fill ability of 
the PSG layer. For example, the removal rate of PSG material in 
a CMP process has found to depend strongly on the amount of 
phosphorous in the ILD layer. Since the wt% of phosphorous in 
the PSG film, and therefore the removal rate in a CMP process 
tends to vary from wafer to wafer, controlling the final ILD 
layer thickness of a PSG ILD layer has been found to be difficult 
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to control. For example small variations in phosphorus content 
in a PSG layer between about 2.0 wt% and about 5.0 wt% results in 
a removal rate variation of about 100 Angstroms /minute for a 
change of about 0.5 wt% phosphorous, and removal rates varying 
between about 14 00 Angst roms/min and about 2 0 00 Angstroms/min. 
By contrast, USG or undoped Si02 has a relatively lower and 
uniform material removal rate from wafer to wafer. 

0021 By providing the undoped Si02, e.g., USG capping layer 
according to the present invention, improved structural stability 
and a relatively uniform CMP etching rate from wafer to wafer are 
achieved. The ILD layer stack including the USG layer stack 
according to the present invention provides improved ILD layer 
thickness control and therefore reliability and reproducibility 
of an ILD layer thickness following an ILD layer CMP process 
while maintaining the gap filling ability of PSG in the first 
layer of the ILD layer stack. 

0022 Yet another advantage realized by the present invention over 
prior art processes is that it has been found that the amount of 
residual metal, from both the tungsten plugs and residual CMP 
slurry particles (e.g., Fe, Ni, Co, W) adhering to the exposed 
upper portion of the ILD layer following tungsten CMP and oxide 
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buffing is reduced by providing the undoped Si02 capping layer 
according to preferred embodiments. It is believed that the 
reason for reduction of metallic residue is due to the decreased 
electrostatic charge induced in the USG layer compared to PSG 
layer by the W CMP process. For example, it has been found that 
the PSG develops an electrostatic surface charge that is about 10 
times that of USG which develops about zero electrostatic charge 
following a typical W CMP process. 

0023 Yet an additional advantage realized by the present 
invention, is that the wet cleaning (etching) process following W 
CMP, allows a batch wafer cleaning process to be carried out as 
opposed to a single wafer process according to the prior art. 
For example, similar to the variability of the material removal 
rate for PSG in a CMP process, variation in wet etching rates of 
PSG layer produced in the post W CMP cleaning process, require 
single wafer cleaning processes to reduce wafer to wafer 
variation. By using a USG capping layer over the PSG layer, a 
wet etching rate of the USG layer occurring in the cleaning 
process is relatively more uniform between wafers compared to a 
PSG layer, thereby allowing a wafer batch cleaning process to be 
undertaken which advantageously increases throughput by about 30 
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0024 Referring to Figure 2 is a process flow diagram including 
several embodiments of the present invention. In a first process 
201, a semiconductor substrate including CMOS transistors having 
protruding polysilicon electrode portions is provided. In 
process 203, a first PSG ILD layer of an ILD layer stack is 
deposited by an HDP-CVD process to a thickness greater than the 
height of the protruding polysilicon electrode portions. In 
process 2 05, a second layer of the ILD layer stack, a capping 
layer of USG is deposited over the PSG layer. In process 2 07, an 
oxide CMP process is carried out to planarize the ILD layer stack 
leaving a thickness portion of the USG layer overlying the PSG 
layer. In process 209, tungsten plugs are formed. In process 
211, a W CMP process and oxide buffing process is carried out to 
expose the USG layer. In process 213, a wafer batch wet cleaning 
process is carried out. 

0025 The preferred embodiments, aspects, and features of the 
invention having been described, it will be apparent to those 
skilled in the art that numerous variations, modifications, and 
substitutions may be made without departing from the spirit of 
the invention as disclosed and further claimed below. 
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